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ABSTRACT 
Traditionally, for fruits and vegetables quality assessment are determined by the 
physical characteristics such as colour, shape and firmness. In this research, an 
electronic nose will be used to determine the freshness state of tomatoes. And the 
electronic nose is a combination of three different types of gas sensor. The electronic 
nose detects the aroma produced by the tomatoes before analyzing it into its stage of 
ripeness. Then the electronic nose will then categorize it into three different states; 
fresh, slightly fresh and rotten based on the results obtained from the sensors. Before 
the experiments can be started, suitable types of sensors should be chosen and tested 
separately to ensure it is working well. By observing the output waveforms between 
normal conditions with a fresh fruits, it shows a slight change in terms of the voltage. 
Therefore it is safe to say that during the process of ripeness, the fruits actually 
produce gas and it is detected by the sensors. During the fresh condition and also 
rotten condition, we can also see the differences in terms of the voltage. One of the 
sensors, even during the rotten condition, the voltage across the load resistance 
increases. But for the other two sensors, during the fresh condition, the voltage it 
obtains increases however during the rotten condition, the voltage drops. Therefore, 
it is feasible to say that the electronic nose can detects whether the fruit is fresh or 
rotten by observing the changes in all three sensors. 
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1.1 Background Study 
Fruits are as valuable as other types of human foods, either eaten fresh or as jam, 
or even preserved. They are many types of fruits that are manufactured into other types of 
food like cookies, muffins, yoghurt and many more and fruits also are used to make 
beverages such as fruits juices or alcoholic beverages and even vinegar. 
Due to various applications of the fruits, it's important to maintain the freshness 
of the fruits. Monitoring and controlling ripeness becomes an important issue in the fruit 
industry since the state of ripeness during harvesting; storage and market distribution 
determines the quality of the final product measured in terms of customer satisfaction [ 1]. 
1.2 Problem Statement 
Although many methods of ripeness fruit monitoring has been proposed which 
depends on each fruit characteristics and the measurement objectives, an improvement 
for finding suitable algorithm to evaluate fruit ripeness is still needed [2]. Traditionally, 
the fruits quality is determined by the physical characteristics such as color, size and 
firmness without damaging the fruits. 
The other way is to accurately measure the fruits quality is by measuring the 
starch, flesh texture, taste, fibers and its pH value but unfortunately this method of fruits 
quality measurement damages the fruits. For example, determining the freshness state of 
the fruits by the starch contents in the fruits, either it has turned into sugar. A rotted fruit 
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but not bruised, with a drop of iodine on a slightly rotten part will turn a dark blue or 
black color if there is starch there. If it stays yellow, then most of the starch did turn into 
sugar. But the methods are not reliable if the amount of fruit needs to be checked is in a 
large amount and it would be time consuming. Therefore, the methods to test the fruits 
freshness have to be revised to ensure it is efficient. 
Based on studies, after a fruit ripens, it would produce a gas known as Ethylene 
Gas (C21-L!). An alternative strategy for determining the state of ripeness consists of 
sensing the aromatic volatiles emitted by fruit using electronic olfactory systems [1-6]. 
By using the multi-array of metal oxide sensors, it can detect the presence of the gas 
produced from the fruits before conditioning it and furthering it by classifying and 
determining the qualities of the fruits; fresh fruits or bad fruits using the neural network. 
1.3 Objectives 
• To test the sensors to ensure the sensor itself can operate in different temperature 
• To test the circuit to ensure the circuit is able to perform and supports multiple 
arrays of sensor 
• To collect and to analyze data based on the experiments conducted 
1.4 Scope of Study 
• To study the consistency of the waveform from the three sensors 
1.5 Feasibility 
Observing from the output waveforms that we have obtained from the 
experiments conducted, we can actually sees the differences between a fresh fruit and a 




This project is relevant to the food industry due to the variety usage of fruits as in 
canned foods, fruit manufactured, vinegar and beverages which needs the quality of the 
fruit to be qualified first before the manufacturing process can begins. 
This project is also applicable to other type of applications that involves gas 




2.1 Fruit Ripening 
Ripening is a natural process occurs in fruits, which actually caused them to be 
edible. Generally, a fruit becomes sweeter, less green, and softer as it ripens. However, 
the acidity as well as sweetness rises during ripening process, but the fruit still tastes 
sweeter. The reason for this is the Brix-Acid Ratio[7]. 
The organic compound involved with ripening is ethylene (C2~), a gas created 
by plants from the amino acid methionine (H02CCH(NH2)CH2CH2SCH3). Ethylene 
increases the intracellular levels of certain enzymes in fruit and fresh-cut products, which 
include [8]: 
• Amylase, which hydrolyzes starch to produce simple sugars, and 
• Pectinase, which hydrolyzes pectin, a substance that keeps fruit hard. 
Other enzymes break down the green pigment chlorophyll, which is represented 
by blue, yellow, or red pigments. Hormone levels in fruit are often connected to 
pollination (the transfers of pollen grains to the plant carpel of flowering plants, the 
structure that contains the ovule). If too few seeds in a multi-seeded fruit are formed, the 
flesh of the fruit may not develop in some areas and as a consequence ripening will be 
retarded or prevented. Fruit growers increasingly monitor seed ratios in developing 
and/or mature fruit and adjust pollination management accordingly. 
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Figure l: Chip-type sensor 
Figure 2: Bead~type sensor 
Metal oxide semiconductor sensors are the most versatile of all sensors as they 
detect a wide variety of gases and its functionality is not limited to one or two 
applications. 
2.3 Electronic Nose 
Electronic noses are based on multi arrays of thin metal oxide sensor and suitable 
pattern recognition teclmiques. This approach implemented in different modules for each 
application [3]. Figure 3 shows the schematic diagram of the olfactory system [1]. 
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Figure 3: Schematic diagram of the olfactory system 
The sensing material in gas sensors is metal oxide, typically Sn02. The electrical 
resistance of sensor depending on the selected gas concentration though unfortnnately, 
the sensitivity is affected by ambient temperature and humidity [2]. There are 3 different 
type sensors in sensor array used which is Alcohol, MQ-6 and TGS 2600. 




2.4 Computer Interfacing 
Alcohol checker, Breathalyzer 
LPG, iso-butane, propane, LNG, avoid the noise of alcohol and 
cooking fumes and cigarette smoke 
Air cleaners, Ventilation control, Air quality monitor 
Interfacing means connecting an external device to a computer either for 
performing detection of an input or an output like keyboard, printer, sensing and data 
gathering, and adding external storage for the computer capacities [8). To communicate 
between an external system with the computer, a device must be interface with the 
transmission system which is in this case; an array of gas sensors [9]. 
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There are two methods of interfacing an external device to a computer. The first 
method is known as plug-and-play (PnP) or Universal Serial Bus (USB). It's a system 
build by the Microsoft with cooperation from Intel and many other hardware 
manufacturers. The main goal of PnP is to create a computer where the hardware and 
software can work together automatically to configure devices and assign resources, to 
allow for hardware changes and additions without the need for large-scale resource 
assignment alteration. In other words, the goal is to be able to just plug in a new device 
and immediately be able to use it, without complicated setup maneuvers [1 0]. 
The device is then connected through the Universal Serial Bus (USB) port. USB 
allows high-speed and easy connection of peripherals to a PC. When plugged in, 
everything configures automatically. The USB port is shown in figure 4. 
Figure 4: USB port 
The second method is using a microcontroller to connect between the hardware 
and computer [8]. In order to use this method, one should know how to program the 
microcontroller, having an Analog to Digital (AID) converter and know communication 
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Figure 5: 16F877 microcontroller 
Figure 6: DB9 and DB 15 Computer serial port 
The computer serial port of a pc is shown in figure 6. Depending on which type 
and brand the user have for a computer, the number of pins used for the communication 
serial port is varied. 
For example in the right side of figure 6, it is a 9 pin serial port and often referred 
as DB9 serial port. The "D" in DB9 stands for the shape of the serial port and the "B" is 
standardization for the entire communication serial port name and the number 9 is 
referred as the number of pins [11]. On the left side of figure 6, it is known as DBIS 
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since it has 15 pins. Other than DB9 and DB15, there are also DB25 and DB50 used for 
the computer. 
Even though the numbers of pin are different, but the function of the serial port 
remains the same despite the fact that they have different configuration settings for each 
other. The output from the microcontroller is then connected to the communication port 
by using the Recommended Standard 232 (RS232) cable. The example of a RS232 cable 
is shown in figure 7. 
-
Figure 7: RS232 cable 
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3.1 Process Flow Chart 
CHAPTER3 
MEmODOLOGY 
The process flow chart is shown in figure 8. Literature review and research are 
conducted during the first stage of the whole project. And that is including finding 
suitable research paper from Science Direct as a guidance and information related to the 
project for example like basic principles of electronic nose, sensors and etc. 
For the second stage of the project, is to determine the type of sensors that are going 
to be used based on the sensors characteristics, functions, sensitivity and availability. 
Then the sensors would be tested separately to ensure it is working. If the sensor is not 
working, other sensor would be chosen to replace the malfunction sensor. Afterwards, the 
circuits which can hold all the three sensors is constructed before it is tested once again to 
ensure the circuit constructed can actually holds the three sensors together, else the sensor 
have to replaced. 
The fifth stage of the project is to choose suitable method that can be used to 
interface between the computer and the sensors to get and record the readings. The next 
stage is to start collecting data's form the experiment conducted before the data can be 
analyzed. 
11 
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Figure 8: Scheme representing the methodology approach 
3.2 Procedure Identification 
In order to understands and perform effectively for this project, the problem 
statement and objectives should be defined first. The main objective of this project is to 
design a system or an artificial electronic nose which can detects the freshness of fruits 
and vegetables. Since this particular project title is divided into two different parts; 
hardware development and software development; this project would be mainly focusing 
on the hardware development. The objectives of hardware development would be 
designing the circuit that would be able to perform and handle multiple arrays of sensor 




3.2.1 Definition : Search the information and data from the internet, journals and 
articles to further understand more on artificial nose 
3.2.2 Research : Research has been conducted to choose the suitable sensor 
3.2.3 Analysis Testing all the sensors to check its sensitivity 
3.2.4 Decision Circuit construction for multiple arrays of sensors 
3.4 Choosing Sensor 
There are four sensors that were given during the first phase of the experiments. 
The first four sensors were MQ2, two MQ6 sensors and a MQ8 sensor. The functions of 




Table 2: Types of Sensors 
LPG, i-butane, propane, methane, alcohoL hydrogen, smoke 
Hydrogen, avoid the noise of alcohol and cooking fumes. LPG. CO 
LPG. iso-butane, propane, LNG, avoid the noise of alcohol and cooking 
fumes and cigarette smoke 
However, after testing the sensors separately, the sensors fail to perform as 
expected except for one MQ6 sensor. The graph of the fail output is shown in figure 9, 10 
and 11. This failure to perform sensor is might caused by the sensor's old age. The 
contact within the sensor itself and the heater is not performing well after several years of 
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Figure 10: MQ6 sensor 
Figure 11 : MQ8 sensor 
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Therefore, we have to buy new sensors online to replace the old sensors that were 
given to us in the first place. There are several types of gas sensors that were sold but due 
to application from the datasbeet, we bad chosen to use TGS 2600 and ALCOHOL 
sensor for the project. 
Table 3: Types of Sensors 
Alcohol Alcohol checker, Breathalyzer 
TGS 2600 Air cleaners, Ventilation control, Air quality monitor 
The functions of both sensors are described in table 3 and for figure 12, 13 and 14 
shows the graph of a working sensor. 
voltage {V) 
Figure 12: Working MQ6 sensor 
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Figure 13: Alcohol sensor 
Figure 14: TGS sensor 
3.5 Choosing The Interfacing Methods 
As mention in the literature review part 2.4 for the computer interfacing methods, 
there are two separate methods of connecting the circuit to the computer which is using 
USB or microcontroller. 
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3.5.1 USB 
To obtained raw data for the experiment, the tools used for the project is PASCO 
interface box. PASCO is a combination of hardware and software tools that can be do 
basic measurements as in voltage, temperature and currents using hardware which were 
connected to a computer through an USB port. Figure 15 shows the PASCO hardware. 
Figure 15: PASCO hardware 
To use the PASCO itself, the sensor plug is required to connect either into the 
digital or analog inputs at the PASCO interface box. To start collecting the data, at the 
Science Workshop program window, the START functions clicked. Then data can be 
monitored from the graph function or from the table function. The Science Workshop 
program window is shown in figure 16. 
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Figure 16: Science Workshop program window 
Figure 17 shows the block diagram of the actual connection from the sensors to 
the PASCO interface and into the computer. The fruit is within an air tight chamber with 
the three sensors. When the supply voltage is supplied, the sensor will start working by 
detecting the gas produced by the fruits and the PASCO interface receives it and sends it 
to the computer. 
The data obtained from the PASCO interface will be shown in the Science 
Workshop program window either in graph form, histogram or even tables depending on 
which program the user desires. Therefore, it is possible to move the data obtained from 
the Science Workshop into an excel program. 
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Figure 17: PASCO block diagram 
3.5.2 Microcontroller 
As mention in literature review part 2.4, the other method of interfacing the circuits 
to the computer is using a microcontroller. However, by using this method, one should 
know how to program a microcontroller either in C language or assembly language. Then 
know how to connect the microcontroller to the serial port to record the data. 
SUB-D connedor 9-pm 
= ~ 
: oerl8/ C8t1e (1 00 1) 
! 
Figure 18: Block Diagram ofMicrocontroller Connection 
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In figure 18, it actually shows the connection from the microcontroller to the PC. 
There are several types of microcontroller in the market for example PIC 16F84, PIC 
16F627, PIC 16F628. PIC 18F452 and etc. In figure 18, it uses PIC 16F877 where the 
PIC stands for Peripheral Interface Controller and the first two numbers stands for the 
microcontroller's series and the F877 shows the type of microcontroller. 
To construct the circuit for the microcontroller connection, we should have two 
separate circuits where the frrst circuit holds the array of sensors and the second circuit 
holds the microcontroller and its components circuits. 
Figure 19: Microcontroller Block Diagram 
Figure 19 shows the block diagram of the actual connection from the sensors to 
the microcontroller circuits and into the computer. The fruit is within an air tight chamber 
with the three sensors. When the supply voltage is supplied, the sensor will start working 
by detecting the gas produced by the fruits and the microcontroller circuits receives it, 
translates it into a digital data before sending it to the computer. The data obtained from 
the microcontroller will be recorded into an excel program depending on how the coding 
is written. 
3.5.3 Methods Chosen 
For the initial stage of the project, both interfacing methods are tested and proven to 




RESULTS AND DISCUSSION 
4.1 Sensor testing 
Based from the output waveforms that are obtained from part 4.1 , the sensors that 
we decided to use is MQ6, TGS and Alcohol sensor. The test is conducted by combining 
all the three sensors into a circuit which can hold them together. The basic circuit is 
shown in figure 20. The internal circuits of each sensor are shown in appendix A and the 
data sheets for each sensor are attached in appendix B. 
+5v 
- -- -------~------ l 
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V2 
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Figure 20: Basic circuit of the sensor 
The actual diagram of the testing circuits is shown in figure 21 below. The power 
supply is connected to the circuit while the PASCO hardware connected to the load 
resistor within the sensor circuits and the computer. 
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Basically, one can see the sensor as a variable resistor where the value of the 
resistor can change depending on the input which is in this case is the gas that it detects. 
The reason on why we measured across the load resistance instead of across the resistor 
itself is because it is more reliable to measure across the load resistor and it will show 
larger value compare to measuring across the sensor itself. Hence, it will be easier to 
analyze the data . 
. -.~--·- ~ 
.... ~ · ~~  
Figure 21: Sensor testing for the actual diagram 
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4.2 Results for Morning Data 
The experiments is conducted several times a day and it has been pre-determined 
that the reading will only starts at day 1 until day 11 . The tomatoes will rots on the 9th 
day, however the reading will still be taken as we want to see what would happens after it 
rots and what would it read afterwards. The data is shown in appendix C. 
4.2.1 Initial Reading 
Before the readings of the fruits can starts, the initial readings of the sensors 
voltage should be taken as a baseline of this project. Figure 22 shows the graph obtained 
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Figure 22: The initial readings from all three sensors 
Based on the figure 22, during the first 40s the sensor's waveform hasn' t yet 
stabilized. This is because the sensor is still heating and it usually took several seconds 
before it can actually reads and measure the signals. 
Therefore, for the experiment, the data collection time had to pre-determine and it 
will be based on the average value that we get from a certain time to ensure all the data 
are standardized. 
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From the graph obtained, the mean values for all three sensors are taken. For TGS 
sensor, the mean value is 2.226V, alcohol sensor is 2.8919V and MQ6 sensor is 0.9058V. 
The values are stated in table 4 below. 
Table 4: Mean Value for all three sensors 







4.2.2 Dayl data 
For day 1 and for the rest of the day, the data will be taken between the 300s and 
700s. In figure 23 below, it shows the waveform obtained from the 3 sensors by using a 


















Day 1: Voltage(V) vs Tin1e(s) 
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Figure 23: Day 1 data values 
For day 1 reading~ the TGS sensor mean vaJue is 2.3005V~ Alcohol sensor is 
3.0988V and MQ6 sensor is 0.9247V. The values are simplified in table 5. 
Table 5: The data between initial reading and day 1 
Type sensor/ reading I Initial Readings (V) Day 1 (V) 
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Figure 24: The graph scatter for initial reading and day 1 
Observing from table 4 and figure 24, there is a difference between day 1 and the 
initial readings. For TGS sensor, it increases around 0.0405V while for Alcohol sensor, it 
increases around 0.2069V and for MQ6 sensor, and it increases around 0.0189V. 
Therefore, it is safe to say that the fruits are actually producing gas and the three 
sensors are actually sensing it. 
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4.2.3 Day 3 data 
The data shown in figure 25 is the data obtained from day 3. Day3 is chosen to analyzed 
instead of day2 is because day3 has been set as the last day of still fresh condition. For 
day 3 data, the output waveform is shown as in figure 25. 
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Day3: Voltage(v) vs Time(s) 
Figure 25: Day 3 data values 
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From figure 25, the TGS value obtained is 2.387V while Alcohol is 3.002V and 
MQ6 is 0.8107V. In table 6 below, the data between day 1 and day 3 are compared. 
Table 6: The data between day 1 and day 3 
Dayl Day3 





MQ6 0.9247 0.811 
sensor 
From table 6, the differences between day I reading and day 3 readings can be 
calculated. For TGS sensor, the reading increased around 0.0865V which is from 
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2.3005V into 2.387V. For Alcohol sensor, the reading decreases around 0.0986V from 
dayl to day 3 while for MQ6 sensor, the reading for day 1 is 0.9247V and day3 is 
0.811V. The differences between both days are 0.1137V. The decrements for both 
alcohol and MQ6 sensor can be caused by a lot of external factors for example unstable 
connection between the sensor and the output probe. 
4.2.4 Day 4 data 
Day 4 is chosen as the first day for when the tomato has entered the intermediate 
state of freshness. The output waveform is shown in figure 26. 
Day4: Voltage(v) vs Time(s) 
Alcohol 
Figure 26: Day 4 data values 
From figure 26, the TGS value obtained is 2.401V while Alcohol is 3.514V and 
MQ6 is 1.1 V. In table 7 below, the data between day 1, day 3 and day 4 are compared. 
Table 7: The data between day 1, day 3 and day 4 
Dayl Day3 Day4 
TGS sensor 2.3005 2.387 2.401 
Alcohol sensor 3.0988 3.002 3.514 
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MQ6sensor 0.9247 0.811 1.1 
From table 7, for the TGS sensor, the reading increased around 0.014V from day 
3 to day 4. For Alcohol sensor, the reading increases around 0.512V from day 4 to day 3 
while for MQ6 sensor, the reading for day 4 increased 0.289V from day3. 
4.2.5 Day 8 data 
For day 8, the tomato has reached it last day before it started to rots. Therefore, 
day 8 is chosen as the last period of the intermediate freshness stage. The output 
waveform is shown in figure 27. 
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DayS: Voltage(v) vs Time(s) 






From figure 27, TGS sensor value obtained is 2.475V while alcohol sensor value 
obtained is 3.544V and MQ6 sensor value is 1.276V. In table 8, the data is compared 
between day 1, day 3 and day 8. 
Table 8: The data between day 1, day 3, day 4 and day 8 
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Dayl Day3 Day4 DayS 
TGS sensor 2.3005 2.387 2.401 2.475 
Alcohol sensor 3.0988 3.002 3.514 3.554 
MQ6 sensor 0.9247 0.811 1.1 1.276 
From table 8, the differences between day 1, day 3, day 4 and day 8 can be 
observed. For TGS sensor, the reading increased around 0.074V from the day4 to dayS. 
For Alcohol sensor, the voltage increases around 0.04V from the day4 to day8. For MQ6 
sensor, the reading increases from 0.176V from day 4 to day 8. 
4.2.6 Day 9 data 
Day 9 is the day where the tomato started to rots. The output waveform is shown 
in figure 28. 
Day9: Voltage(v) vs Time(s) 
Figure 28: Day9 data values 
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From figure 28, the reading of day 9 for TGS sensor is 2.203V while for Alcohol 
sensor is 3.685V and for MQ6 sensor, the reading is 1.44V. In table 9 below, the 
comparison between the readings of day 1, day 3, day 4, day 8 and day 9 is shown. 
Table 9: The data between day 1, day 3,day 4, day 8 and day 9 
Dayl Day3 Day4 Day8 Day9 
TGS sensor 2.3005 2.387 2.401 2.475 2.203 
Alcohol sensor 3.0988 3.002 3.514 3.554 3.685 
MQ6 sensor 0.9247 0.811 1.1 1.276 1.44 
From table 9, the differences between day I, day 3, day 4, day 8 and day 9 can be 
observed. For TGS sensor, the reading decreased around 0.272V from the day8 to day9. 
For Alcohol sensor, the voltage increases 0.131 V from day 8 to day 9 while for MQ6 
sensor, it actually increases for 0.164V from day 8 to day 9. 
4.2. 7 Day 10 data 
Day 1 0 is taken to see the differences between the rotten and the fresh tomato. 
The data that has been taken on day 1 0 is shown in figure 29. 
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DaylO: Voltage(v) vs Ti111e(s) 
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Figure 29: Day 10 data values 
From figure 29, the reading of day 10 for TGS sensor is 2.009V while for Alcohol 
sensor is 3.245V and for MQ6 sensor, the reading is 1.801V. In table 10, the comparison 
between the readings of day1 , day3, day8, day9 and day10 is shown. 
Table 10: The data between day 1, day 3, day 4, day 8, day 9 and day 10 
Dayl Day3 Day4 Day8 Day9 DaylO 
TGS sensor 2.3005 2.387 2.401 2.475 2.203 2.009 
Alcohol sensor 3.0988 3.002 3.514 3.554 3.685 3.245 
MQ6 sensor 0.9247 0.811 1.1 1.276 1.44 1.801 
From table 10, the differences between day 1, day 3, day 8, day 9 and day 10 can 
be observed. For TGS sensor, the reading decreased around 0.194V from the day10 to 
day9. For Alcohol sensor, the voltage decreases 0.44V from day 10 to day 9 while for 
MQ6 sensor, it actually increases for 0.361V from day 10 to day 9. 
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4.2.8 Day 11 data 
Day 1 1 is set as the last day of the rotten days. Even though it can goes longer 
than day 11, but in this experiment, it has been determined that day 11 would be the 
maximum day. The data which has been taken on day 11 is shown in figure 30. 
--1 
Dayll: Voltage(v) vs Tiu.1e(s) ' 
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Figure 30: Day 11 data values 
From figure 30, the reading of day 9 for TGS sensor is 2.004V while for Alcohol 
sensor is 3.058V and for MQ6 sensor, the reading is 1.885V. In table 11 below, the 
comparison between the readings ofday1 , day3, day8, day9, day 10 and dayll is shown. 
Table 11: The data between day 1, day 3, day 4, day 8, day 9, day 10 and day 11 
~ay1 Day3 Day4 DayS Day9 ~ay10 Dayll 
TGS sensor 2.3005 2.387 ~.401 2.475 2.203 ~.009 2.004 
Alcohol sensor 3.0988 3.002 3.514 3.554 3.685 3.245 3.058 
MQ6 sensor 0.9247 0.811 1.1 1.276 1.44 1.801 1.885 
32 
From table 11 above, the differences between day 1, day 3, day 8, day 9, day 10 
and day 11 can be observed. For TGS sensor, the reading decreased around O.OOSV from 
the dayll to day10. For Alcohol sensor, the voltage decreases 0.187V from day 11 to day 
10 while for MQ6 sensor, it actually increases for 0.084V from day 11 to day 10. 
Figure 31: The graph between day 1, day3, day 8, day 9, day 10 and day 11 
From all the data that has been collected and gathered shown in figure 31, during 
the fresh state to rotten state, the voltage of the sensor is kept increasing from day 1 to 
day 8. When the tomato has reach its rotten state as shown from day 9 to day 11, the 
voltage of TGS sensor and alcohol sensor starts to decreased but the voltage of MQ6 
sensor keep increasing. 
From the table also, it is shown that the data for still fresh condition for TGS is 
around 2.3005V to 2.475V and for the rotten state, the value is from 2.203V to 2.004V. 
The values for the still fresh condition increased around 0.1745V while during the rotten 
condition, the value decreases up to 0.199V. For Alcohol sensor, during the still fresh 
condition, the value is from 3.0988V to 3.554V while during the rotten condition is from 
3.685V to 3.058V. The value of still fresh condition increased around 0.4552V while for 
the rotten condition, the values decreases up to 0.627V. 
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For MQ6 sensor, the voltage for the still fresh condition varied from 0.9247V to 
1.276V but for the rotten condition, the values varied from 1.44V to 1.885V. The value of 
still fresh condition increased from 0.3513V while for rotten condition, the values 
increased up to 0.445V. 
4.3 Afternoon Data 
The data of the experiment below is taken separately during the afternoon from 
day 1 until day 11. The tomatoes will rots on the 91h day, however the reading will still be 
taken as we want to see what would happens after it rots and what would it read 
afterwards. The data is shown in appendix C. 
4.3.1 Dayl data 
For day 1 and for the rest of the day, the data will be taken between the 300s and 
700s. In figure 32 below, it shows the waveform obtained from the 3 sensors by using a 
fresh tomato as a sample. 
Day 1: Voltage(V) vs Time(s) 












:,... l .. 
l 
ll .. 
:~ ~ ~ ~ ~ ~ - = - ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ -~- ~ 
__; """"" ~ I """'!'4 I ~"""• 1- ·:/:· = ....-f ,., ... ~ r~t t ... ';'1 ·= f': l ·:•':· a'"'. r::_ ,./.,. "='J ~ ~l ...,.. I •'":'· 1 - .;: 
.!. ~.· ,.. -.: .-: ·: .~.:. -t" ~ -r -:' ~ -,. '"1" &": a: t? t ": 1- 1·'"'- 1'"' t.;:,. ~  r.:, .. ,:.. ~~ (5 
-
Figure 32: Day 1 data values 
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For day 1 reading, the TGS sensor mean value is 2.3005V, Alcohol sensor is 
3.0988V and MQ6 sensor is 0.9247V. The values are simplified in table 12. 
Table 12: The data between initial reading and day 1 
Type sensor/ reading ~Readings (V)- Day 1 (V) 
TGS sensor t--- 2.226 2.3005 
Alcohol Sensor 2.8919 3.0988 
MQ6sensor 0.9058 0.9247 
Jl.,j..--..... ---------:a.a u ~ •:! , :-
,, ~x:.:r> 
Figure 33: The graph scatter for initial reading and day 1 
Observing from table 12 and figure 33, there is a difference between day 1 and the 
initial readings. For TGS sensor, it increases around 0.0405V while for Alcohol sensor, it 
increases around 0.2069V and for MQ6 sensor, and it increases around 0.0189V. 
Therefore, it is safe to say that the fruits are actually producing gas and the three 
sensors are actually sensing it. 
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4.3.2 Day 3 data 
The data shown in figure 34 is the data obtained from day 3. Day3 is chosen to 
analyzed instead of day2 is because day3 has been set as the last day of still fresh 
condition. For day 3 data, the output waveform is shown as in figure 34. 
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Figure 34: Day 3 data values 
From figure 34, the TGS value obtained is 2.247V while Alcohol is 3.264V and 
MQ6 is 1.023V. In table 12 below, the data between day 1 and day 3 are compared. 
Table 12: The data between day 1 and day 3 
-- -Type sensor/ reading Day1 (V) Day 3 (V) 
TGSsensor 2.3005 2.247 
-
._ 
- 3.264---. Alcohol Sensor 3.0988 
~ 
.__ 
MQ6sensor 0.9247 1.023 
From table 12, the differences between day 1 reading and day 3 readings can be 
calculated. For TGS sensor, the reading decreased around 0.0535V which is from 
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2.3005V into 2.247V. The voltage dropped can be caused by a lot of external factors for 
example unstable connection between the sensor and the output probe. 
For Alcohol sensor, the reading increases around 0.1652V from dayl to day 3 
while for MQ6 sensor, the reading for day 1 is 0.9247V and day3 is 1.023V. The 
differences between both days are 0.0983V. 
4.3.3 Day 4 data 
Day 4 is chosen as the first day for when the tomato has entered the intermediate 
state of freshness. The output waveform is shown in figure 35. 
Day 4: Voltage(V) vs Time(s) 
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Figure 35: Day 4 data values 
From figure 26, the TGS value obtained is 2.364V while Alcohol is 3.439V and 
MQ6 is 1.044V. In table 13 below, the data between day 1, day 3 and day 4 are 
compared. 
Table 13: The data between day 1, day 3 and day 4 
Type sensor/ reading Dayl (V) Day 3 (V) Day4 (V) 
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TGSsensor 2.3005 2.247 I 2.364 
-
I 3.264e 439 Alcohol Sensor 3.0988 
MQ6sensor 0.9247 1.023 1.044 
From table 13, for the TGS sensor, the reading increased around 0.175V from day 
3 to day 4. For Alcohol sensor, the reading increases around 0.117V from day 4 to day 3 
while for MQ6 sensor, the reading for day 4 increased 0.021V from day3. 
4.3.4 Day 8 data 
For day 8, the tomato has reached it last day before it started to rots. Therefore, 
day 8 is chosen as the last period of the intermediate freshness stage. The output 
waveform is shown in figure 36 . 
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Figure 36: Day8 data values 
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From figure 36, TGS sensor value obtained is 2.416V while alcohol sensor value 
obtained is 3.72V and MQ6 sensor value is 1.15V. In table 14, the data is compared 
between day 1, day 3 and day 8. 
Table 14: The data between day 1, day 3, day 4 and day 8 
Type sensor/ ~Day3 Day4 DayS 
reading (V) (V) (V) 
TGS sensor 2.3005 ' 2.247 2.364 2.416 
Alcohol Sensor 3.0988 t 3.264 3.439 3.72 
MQ6sensor 0.9247 1.023 1.044 1.15 
From table 14, the differences between day 1, day 3, day 4 and day 8 can be 
observed. For TGS sensor, the reading increased around 0.052V from the day4 to dayS. 
For Alcohol sensor, the voltage increases around 0.281 V from the day4 to day8. For 
MQ6 sensor, the reading increases from 0.106V from day 4 to day 8. 
4.3.5 Day 9 data 
Day 9 is the day where the tomato started to rots. The output waveform is shown 




















Figure 37: Day9 data values 
From figure 37, the reading of day 9 for TGS sensor is 2.35V while for Alcohol 
sensor is 3.696V and for MQ6 sensor, the reading is 1.439V. In table 15 below. the 
comparison between the readings of day 1, day 3, day 4, day 8 and day 9 is shown. 
Table 9: The data between day 1, day 3, day 4, day 8 and day 9 
-I I I 
Type sensor/ reading Dayl (V) Day 3 (V) Day4 (V) Day 8 (V) Day9 (V) 
I I 
.-
TGS sensor 2.3005 2.247 2.364 2.416 2.35 
! 
Alcohol Sensor 3.0988 3.264 3.439 3.72 3.696 
-
MQ6sensor 0.9247 ! 1.023 1.044 1.15 1.439 
i 
From table 15, the differences between day 1, day 3. day 4, day 8 and day 9 can 
be observed. For TGS sensor, the reading decreased around 0.024V from the day8 to 
day9. for Alcohol sensor, the voltage decreases 0.066V from day 8 to day 9 while for 
MQ6 sensor, it actually increases for 0.289V from day 8 to day 9. 
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4.3.6 Day 10 data 
Day I 0 is taken to see the differences between the rotten and the fresh tomato. 
The data that has been taken on day 10 is shown in figure 38. 

















Figure 38: Day 10 data values 
From figure 38, the reading of day 10 for TGS sensor is 2.246V while for Alcohol 
sensor is 3.554V and for MQ6 sensor, the reading is 1.442V. In table 16 below, the 
comparison between the readings of day 1, day3, dayS, day9 and day 10 is shown. 
I 
Table 16: The data between day 1, day 3, day 4, day 8, day 9 and day 10 
Type sensor/ Dayl Day3 
reading (V) (V) 
2.3005 2.247 
Alcohol 











DayS Day9 Day 10 
(V) (V) (V) 
I-
2.416 2.35 2.246 
f- 1-
3.72 3.696 3.554 
f- -




From table 16, the differences between day 1, day 3, day 8, day 9 and day 10 can 
be observed. For TGS sensor, the reading decreased around 0.104V from the day10 to 
day9. For Alcohol sensor, the voltage decreases 0.142V from day 10 to day 9 while for 
MQ6 sensor, it actually increases for 0.002V from day 10 to day 9. 
4.3. 7 Day 11 data 
Day 11 is set as the last day of the rotten days. Even though it can goes longer 
than day 11, but in this experiment, it has been determined that day 11 would be the 












dayll: Voltage(V) vs Time(s) 
Figure 39: Day 11 data values 
From figure 39, the reading of day 9 for TGS sensor is 2.139V while for Alcohol 
sensor is 3.511 V and for MQ6 sensor, the reading is 1.772V. In table 17 below, the 
comparison between the readings of dayl , day3, dayS, day9, day 10 and dayll is shown. 
Table 17: The data between day 1, day 3, day 4, day 8, day 9, day 10 and day 11 
Type sensor/ 
reading 
Dayl I Day 3 Day4 j Day~ Day9] Day 10 




TGS -sor 12.3005 
Alcohol 3_0988 Sensor 
2.247 2.364 
3.264 I 3.439 l 
2.416 
3.72 
2.35 2.246 2.139 
3.696 3.554 
I MQ6sensor 0.9247 1.023 1.044 1.15 -~- 1.442 1.772 
From table 17, the differences between day 1, day 3, day 8, day 9, day 10 and day 
11 can be observed. For TGS sensor, the reading decreased around 0.043V from the 
dayll to daylO. For Alcohol sensor, the voltage decreases 0.107V from day 11 to day 10 
while for MQ6 sensor, it actually increases for 0.33V from day 11 to day 10. 
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Figure 40: The graph between day 1, day 3, day 4, day 8. day 9, day 10 and day 11 
From all the data that has been collected and gathered shown in figure 40, during 
the fresh state to rotten state, the voltage of the sensor is kept increasing from day 1 to 
day 8. When the tomato has reach its rotten state as shown from day 9 to day 11, the 
voltage of TGS sensor and alcohol sensor starts to decreased but the voltage of MQ6 
sensor keep increasing. 
From the table also, it is shown that the data for still fresh condition for TGS is 
around 2.3005V to 2.416V and for the rotten state, the value is from 2.35V to 2.139V. 
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Figure 41: TGS 
4.5 ALCOHOL Data 
The figure 42 shows the differences of the morning and the afternoon data. As we 
can see from the graph, both of the sensors have the same pattern which is the voltage 
keeps increasing during the fresh period. During the rotten period, both reading actually 
drops even though the voltage drop during the morning is quite significant except for the 
fact that the readings that was obtained during the morning period is not very stable 
compare to TGS readings. 
The variation in the values of the voltage is possibly affected by the temperature 
and humidity of the day since the experiment is not conducted in an ideal room condition. 
Based on the observation, we can conclude that during the fresh period, the voltage 
increases and during the rotten condition, the voltage drops. 
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Figure 42: ALCOHOL 
4.6 MQ6 Data 
The figure 43 shows the differences of the morning and the afternoon data. As we 
can see from the graph, both of the sensors have the same pattern which is the voltage 
keeps increasing during the fresh period and rotten period. Therefore, for MQ6 sensor, it 
is safe to say that either during fresh condition and rotten condition, the voltages will still 
increases. 
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Figure 43: MQ6 
4.7 All Data 
Figure 44 shows the comparisons between all three sensors for both morning and 
afternoon. From the graph we can actually sees that during the first 8 day; which is 
during the fresh condition, all three sensor voltage readings are increasing but during the 
rotten period, both TGS sensor and ALCOHOL sensor's voltage is decreasing. For the 
MQ6 sensor, even during the rotten day; which is during the 9th day and upwards, the 
voltage is still increasing. 
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Figure 44: All Data 
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APPENDIX A 
SENSOR'S INTERNAL CIRCUIT 
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e) Sensitivity characteristic curve 
Figure3: Sensitivity characteristic curve of several gasses 
In figure, it shows the typical sensitivity characteristics of the MQ-2 for several gases. In 
their: 
• Temp: 20°C 
• Humidity: 65% 
• 02 concentration: 21% 
• Ro: sensor resistance at 1 OOOppm ofH2 in the clean air 
• Rs: sensor resistance at various concentrations of gases 
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MQ-6 sensor specification 
a) Standard work condition 
!"'" ------------------·]·-·-·· 
Circuit voltage 5V±O.l 
. --VH --~- :eati::v~:e--,1. 5V±O.l I A~;r I 
---- RL --~-- . . ...... -i~~ resistance i 20K n J 
,_ ~~-:; ~- Heater:s~:::-~-- ----- 330±5:.-- - ----~:~~--~ 
I ----~-_l_- -Heating;)nswnptiooT ____ I:es; th~~7~~~~~[=====] 
b) Envitomnent condition 
[-symbbCjl'amm~ter Nam~l- · · Technical conditio~··········· --- - ---Remarks ___ _ 
',------------- ------·--··" . _________ .. ____________ __! _____________________________ _ 
! Tao ! Usingtemp I -10°C-50°C [- i:;---! --s~~~;;~~~r · ~---- · -------::zooc-::so•c ____ - · 
; I I i R~- I ~lat~dhumidity I Less than 95% Rh 
I I 1- ~2-- ~----~yge~---- i 2lo/o(;t;;ct;d~~;ditl~;;)o~ygen~~;;~;;t;~ti~~ ··~~ Minimum value is 
I__ _ __ j_ concentration J ----~lltl_affect sens~tivit)'_ _ ---~~er =~· 
c) Sensitivity characteristic 
rsymbol ___ i_Parameter Name- 1 Technical condition TR.emltrk:s ---- · 
~----- - -~--- · -- --------t1om-6oK.n ______ _ 
1 Rs [ Sensing resistance I Ia _ -~----------------···· __ 1_{10()()iJiJnl}so-b_utane}_ ?c~~~~ing concentration 
! (300011000) i Concentration Slope Rate lr. :$0.6 
i isobutene i I. . ------- ______________ ] _______________ ,. _____ ._. ·---·-- -- -·-··------- --···------·-----------
1 Standard I Temp: 20°C±2°C Vc:5V±O.l 
j Detecting I 
200ppm•l OOOppm LPG, 
iso-butane, propane, LNG 
l.Co()diti()t1__1
1 
JiUI1liditx_:(j5_%±5%_ Vh:5yoi().l _____ _ 
Ll'J'ehe!lt'fittle __ Over__24_llo_ur____ ____ _ ___ ___ -----·---'---------_J 
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Figure4: Sensitivity characteristics ofMQ-6 











In the figure, it shows the typical sensitivity characteristics of the MQ-6 for several gases. 
In their: 
• Temp: 20°C 
• Humidity: 65% 
• 02 concentration: 21% 
• RL=SK 
• Ro: sensor resistance at 1 OOOppm of H2 in the clean air 
• Rs: sensor resistance at various concentrations of gases 
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MQ-8 sensor specification 
a) Standard work condition 
"_, ___ - -------------,---·--
1 Technical 1 
i Symbol I Parameter Name I condition Remarks i 
-----------------, 
~~~~~-~-~-- ·j~· ~ ~-~----+------·-~~·-~-~-~---~·· ACor I 
~~~~~----~=- .[_ Cin:uit~~~"__l__ __ __5V±O.l . ~~ ·~ A~~r J 
i ·····------~: I :~~:~~=:~~----- ~::~- ~-~-1----- _IJC ~~I 
:~~- :J~==2:;~ I -_ ~~~;~ :: · 
b) Environment condition 
!sy;-b~l I i>~ete; N;;;~ ,~--- -~ T~~~l~al C~~dltl~n 
I I , -·-----~-----··~~······-··-· ---~----~~-- ~·~ ~~ ::--~~~=s~:~;~;~p~~·. ·i·· ····· · ······· -~- ~:::~~:::~-··~······ 
I . ~- RH TRcl~ h~idltY ~~---~~~-~-Less than 95% Rh~-~--- .. 
1------- - _______ , ______________ !... .... 
I Oxygen I 21%(standard condition)Oxygen concentration 
l
i o2 I. 
Minimum value is 
concentration I can affect sensitivity over 2% 
l ... ~--·J --~~-·-·······~··········--~ -'------~~·---·~-·-~- ---~--- ·---------···--·~-- L~---·· ............ . 
c) Sensitivity characteristic 
fs.Y~bol.. ___ ~P~~~~r~~~~l~~!~6k~~~~i!i~;~ JR~~;-~ ----~········· 
i Rs I SehSmg resistance I I 1 ' ~ ...... 1 . . --~---j-.nooopJl.tn_H2) 
II a j I 
1 
, Concentration <0.6 
I (3000/1 000) isobutene ~ Slope Rate j -
---~-----·-·-~-~--·· --
i Temp: 20°C±2°C Vc:5V±O.l Standard Detecting I 
Detecting 
concentration scope: 
I OOppm-1 OOOppm 
······ Hydrogen(H2) 
I Condition I Humidity: 65o/o±5% Vb:5V±O.l ~;~h~_~t T~~-~~~- t~e~-~4 ~o~~-=~---~ ------=-== ~--~~~------~ 
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d) Sensitivity characteristics of the MQ-8 
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FigureS: Sensitivity characteristics ofMQ-8 
In the figure, it shows the typical sensitivity characteristics of the MQ-8 for several gases. 
In their: 
• Temp: 20°C 
• Humidity: 65% 
• 02 concentration: 21% 
• Ro: sensor resistance at 1 OOOppm ofH2 in the clean air 
• Rs: sensor resistance at various concentrations of gases 
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APPLICATION 
They are surtable for alcohol checker, Breathalyser. 
SPECIFICATIONS 
A Standard work condition 
Symbol Parameter name Technical condition Remarks 
Vc Circuit vol1aae 5V±0.1 AC OR DC 
VH Heating voltage 5V±0.1 ACORDC 
R, Load resistance 200KQ 
RH Heater resistance 33£2 J5% Room Tem 
PH Heating consumption less than 750mw 
.. 
B Envtronment condttion 
Symbol Parameter name Technical condition Remarks 
Tao Using Tern -10'<:-50\: 
Tas Storage Tem -2o<:-7o<: 
RH Related humidity less than 95%Rh 
Ot Oxygen concentration 21%(standard condition) Oxygen minimum value is 
concentration can affect over2% 
sensitivitv 
C. Sensitivity characteristic 
Symbol Parameter name Technical parameter Remarks 
Rs Sensing Resistance 1M I!- 8 M!J Detecting concentration 




(0.4/1 mg/L) Concentation slope rate <0.6 
Standard Temp: 20 l :t2 \: Vc:5V±0.1 
detecting Humidity:. 65o/o± 5% Vh: 5V±0.1 
condition 
Preheat time Over 24 hour 
D. Structure and configuratiOn. baSic measunng crrcuit 
!'arts Mal•.!rial, 
(j:J.~ !>t"lhiTI!! SnO.: 
la\'cr 
3 ] 2 ""''"""' 
Au 
.l Eh:dmd~: lin::- I' I 
4 H::-:tter-cnil Ni.('r alt~w 
, 
·1 uhubH'l!IJ.mic AltO! 
" 
.•\nli-cxjil;hi1!ll S.tuinl::-J>~ ~t::::l pJ.w.c: 
nctwtlfk fS.US.\!fr !!.IIJ-m .. "'SSi't 










~~~~~: -~t~. & ·fl·lt··-~ \.. / 









E. Sensitivity characteristic curve 
MQ-3 :uc§l~~~ 
---- f:::_ --
··-- , ll::~ -+-A!rnL·l 
0. l 





1---+-+++H-+_+_.P:K-"'-=l·- -1-- ScnL i c: 
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Fig.2 sensitivity d1aracteristics of the MQ-3 
t-t-HR)/Ru--Tcmpi .. ----r-Tr-·i 
1-"'--t-t---+--.-,--,--'r'-+--+-+1-- 33%RH ~ "' 
·, -)( 85%RH ~ 
-~-
--
I I I 
... H.: t: 
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I 0 
Fig.3 is shows the typical 
sens~ivity characteristics of 
the MQ-3 for several gases. 




Ro: sensor resistance at 
0.4mgiL of 
Alcohol in the clean air. 
Rs: sensor resistance at various 
concentrations of gases . 
Fig.4 is shows the typical 
dependence of the MQ-3 on 
temperature and humidity. 
Ro: sensor resistance at 0.4mg/L of 
Alcohol in air a!33%RH and 20 c 
Rs: sensor resistance at 0.4mg/L of 
Alcohol at different temperatures 
and humidities. 
TGS 2600 for the detection of Air Contaminants 
Features: Applications: 
* Low power consumption • Air cleaners 
• High sensitivity to gaseous air 
contaminants 
* Ventilation control 
* Air quality monitors 
• Long life and low cost 
• Uses simple electrical circuit 
*Small size 
The sensing element is comprised of a metal oxide semiconductor layer formed 
on an alumina substrate of a sensing chip together with an integrated neater. 
In tne presence of a detectable gas, t11e sensors conductivity increases 
depending on the gas concentration in the air. A simple electrical circuit can 
convert t11e change in conductiVity to an output signal which corresponds to the 
gas concentration. 
The TGS 2600 has l1igh sensitivity to low concentrations of gaseous air 
contaminants such as hydrogen and carbon monoxide Which exist in cigarette 
smoke. The sensor can detect hy<lrogen at a level of several ppm. Figaro also 
offers a microprocessor (FIC93619A) which contains special sofiware for 
handling t11e sensor's signal for appliance contrOl applications. 
Due to miniaturization of the sensing chip, TGS 2600 requires a heater current 
of only 42mA and t11e device is housed in a standard T0-5 pacKage. 
~ 'T~ 
The figure below represents typical sensitivity cllaracteristics, 
an data naving been gattlered at standard test conditions (see 
reverse side of ttl is sheet). The Y -axis Is indicated as sensor 
resistance mtto{RS!Ro) which is defined as follows: 
The figure below represents typical temperature and humidity 
dependency characteriStics. Again, theY -axis is indicated as 





Rs = Sensor resistance in displayed gases at 
various concentrations 
Ro = Sensor resistance in fresh air 
Sen_.:;ith·ity Charncteristics: 
10~~==~~~Tn~~T=~~XQ~~~~ ~~~rll~,llllfm 
1 ~-, __ ' I l ' :: ~\! _ .' _' ~' '' Air· _j 
i 0_1 
'~ 
,· I I ' I ' ' - ' : ·- ~ ".i : ! t ; I - ! \ ' i ' ! I 1 ; " ! 
~---I·T,tT"" '" .. -~ .. -":"~r r--:·i~Ji n·-.. --'"'+·~·,t·l·T'f"l'.)!.ft·-·,- .. j_ ... _~._~ ~~· 
; ' ~ \ I I ' j • ~ J ' j • 0 01 w.J.lli._..J..._,_.W..WJ.iJ..-.1--.l..-i...W.lli.L---l--'-W 
10 100 
Gas Concentration (ppm) 
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Rs = Sensor resistance in fi"esh air 
at various temperatures/humidities 
Ro :;; Sensor resistance in fresh air 
at 20"C ano65% R.H. 
Tempernture/IIumidity Dependency: 
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-10 0 10 30 40 50 
Ambient T ernperature {'C} 
Basic Mcasuriny Circuit: 
The sensor requires two vonage Inputs: 
heater voltage (VH) and circuit voltage 
(Vc )- The heater voltage (VH) iS applied 
to the integrated heater In order to 
maintain the sensing element at a 
specific temperature whiCh iS optimal 
for sensing_ Circuit voltage (Vc) is 
applied to allow measurernentofvoltage 
(Voul) across a load resistor (Rc) which 
is connected in seri-es with the sensor. 
DC voltage is required for the circuit 
Srecifications: 
Model number 
S~J:.nsfng -element 't'Jpe 
Stand.ard pacl(.age 
T arg~i g-.ases 
Typical detection range 
H.eater "~loltage 




Heater eu rrent 
E!.ec~rical 
ohAra~e-ristioe.s Heater power 





{.change ratio cf Rs) 
Test gas oonditlons 




voltage since the sensor has a polartty. 
A common power supply circutt can be 
used for bOth Vc and Vr; to futfilt the 
sensor's electrical requirements_ The 
value oflhe load resistor (Rc) should be 
chosen to optimiZe lhe alarm threshold 
value, keeping power consumption (Ps) 
of lhe semiconductor below a limn of 
15mW. Power consumption (Ps) will 
be highest when the value of Rs is 
equal to Rt on exposure to gas. 
TGS 2600 
n1 
T0~5· metal can 
Air contaminants 
1 ... 1Cppm~f!-f2 
VH 5.tt:t-0.2V DCiAC 
1/<. 5_Qj_Q_2V :tC F.s ::::-!BmW 
RL 'iari.ahle. Ps :;, n:-m\lll 
RH .approx. 9'3£l at l'l~om temp . (:ypic.3ll) 
1:-;] 42HmA 
P,; 210mW \f~=5.J\/ DC 
Rs 1 Ok-..9Ck!! ·in ~ir 
:t3-o.e B:i ,-,:,~~Qtn !2f. i:i"''l Rs ~air;. 
normal air 
.at 2'D.t-2'C., e5J..5%RH 
Vc = 5.0J·0 .. 01V DC 
VH = E.DJ0.05V DC 
7 days 
Thevafue cfpcweroonsumption (Ps)ean 
b-e ea!eulated by utilizing 'the f-ollowing 
fOrmura: 
.Sensor resistance {Rs) is calcu!a:ed with 
a measured value cf Vout by using th4' 
Following formu!-a: 




Fo-r information on warranty. pJeose ·re-f-er to StonOmd terms ond Con-clitioru o-f Sale of 
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fiGARO USA, INC. 
3103 W-est La kO: A•IQ. :>u itB -:,\;3 
G:-ertvlB'h', 111~"1ois ~'{)2.'::: 
Pn0118: (fl<'ll)-H.:i::'!-1 /01 
T-ox: (8f.ll)--1:!3:l- ·) 10.~-
~'T!·n: f.g!J!Tou:ofi:rf··;;t::lr·ose;r.o,ar.-t:::.~ 
APPENDIXC 
TEST RESULT AND DATA 
1. Initial Readings ( first 80 data) 
Time TGS ALCOHOL MQ6 46 0.8655 2.4244 2.1155 
0 0.1111 0.694 0.1752 47 0.8625 2.4232 2.1168 
I 0.1215 0.708 0.4077 48 0.893 2.5434 2.1381 
l 0.1593 0.83()1 0.766 49 0.9009 2.5867 2.143 
3 0.2246 1.0736 1.1481 50 0.9101 2.6283 2.1516 
4 0.318 1.4118 1.4545 51 0.9156 2.6551 2.1564 
5 0.4212 1.7298 1.6834 5l 0.9198 2.6746 2.1613 
6 0.5249 1.9678 1.8445 53 0.9314 2.7284 2.1735 
7 0.6159 2.0966 1.9471 54 0.9626 2.8565 2.1906 
8 0.7093 2.2498 2.0197 55 0.9839 2.9426 2.2022 
9 0.8026 2.4647 2.0808 56 0.9857 2.9536 2.2034 
10 0.8795 2.6142 2.1198 57 0.9796 2.9426 2.1998 
II 0.9302 2.6673 2.14 58 0.9882 2.9841 22059 
ll 0.9674 2.6899 2.1491 59 1.0059 3.0586 2.2163 
13 1.0028 2.7558 2.1607 60 1.0175 3.1068 2.2236 
14 1.0248 2.7711 2.1625 61 1.0224 3.1257 2.2279 
15 1.0492 2.8346 2.1699 6l I.Oll4 3.0915 2.2272 
16 1.0456 2.7796 2.1595 63 1.0218 3.1379 2.2217 
17 1.0443 2.7583 2.157 64 1.0205 3.1361 2.2175 
18 1.0462 2.7595 2.154 65 1.0041 3.0818 2.2059 
19 1.0431 2.754 2.1516 66 0.9967 3.0512 2.201 
lO 1.0401 2.7534 2.1485 67 0.9937 3.0433 2.1998 
ll 1.0346 2.7467 2.1461 68 0.9821 2.9933 2.1912 
ll 0.9992 2.6185 2.1235 69 0.9803 2.9933 2.1924 
23 0.9717 2.5245 2.1082 70 0.9638 2.9328 2.1802 
24 0.9613 2.5001 2.1015 71 0.9418 2.8388 2.1662 
25 0.9577 2.5135 2.1064 72 0.9333 2.8083 2.1625 
26 0.9528 2.5214 2.107 73 0.9241 2.7741 2.1589 
27 0.9461 2.5092 2.1039 --,4 0.9137 2.7326 2.1546 
28 0.932 2.4732 2.0997 75 0.9082 2.7137 2.1516 
29 0.9143 2.4213 2.0905 76 0.9015 2.6832 2.1467 
30 0.8997 2.3884 2.0844 77 0.8643 2.5312 2.1241 
31 0.8881 2.3621 2.0838 78 0.8405 2.4421 2.1119 
32 0.8808 2.3481 2.0832 79 0.8307 2.3951 2.1064 
33 0.8832 2.367 2.0911 80 0.8264 2.378 2.1046 
34 0.8856 2.3884 2.0972 
35 0.8795 2.3756 2.0972 
36 0.8734 . 2.3634 2.0954 
37 0.8814 2.4061 2.1046 
38 0.8924 2.4647 2.1137 
39 0.8795 2.4226 2.1088 
40 0.8618 2.3609 2.1003 
41 0.8557 2.3487 2.1003 
42 0.8563 2.3597 2.1015 
43 0.8386 2.298 2.0917 
44 0.8472 2.3432 2.0997 
45 0.8557 2.3811 2.107 
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ii. Day 1 (first 80 data) 
time(s) TGS ALCOHOL mqli 343 2.3206 3.1037 0.9565 
JOO 2.2907 2.9023 0.9119 344 2.3286 3.1477 0.9687 
301 2.2755 2.8211 0.8844 345 2.3347 3.1904 0.9809 
302 2.2706 2.776 0.8716 r--346 2.3389 3.2118 0.9888 
303 2.2645 2.7467 0.8631 347 2.342 3.227 0.9925 
304 2.2639 2.7393 0.8606 348 2.3371 3.2014 0.9851 
305 2.2669 2.7515 0.8637 349 2.342 3.2301 0.9937 
306 2.2639 2.7436 0.8625 350 2.345 3.2551 1.0004 
307 2.2578 2.7186 0.8582 351 2.3389 3.2209 0.9876 
308 2.2523 2.6814 0.8441 352 2.3334 3.1861 0.9796 
309 2.2462 2.6374 0.8295 353 2.3322 3.1782 0.9766 
310 2.2425 2.616 0.8234 354 2.3261 3.1422 0.9656 
311 2.2407 2.6026 0.8197 355 2.3249 3.1336 0.9632 
312 2.2394 2.5922 0.8148 356 2.3103 3.0464 0.9357 
313 2.2407 2.6069 0.8185 357 2.3066 3.0207 0.9272 
314 2.2443 2.6234 0.8234 358 2.3035 2.9963 0.9198 
315 2.2364 2.5837 0.8106 359 2.2974 2.9719 0.9137 
316 2.2333 2.5642 0.8039 360 2.2938 2.953 0.9076 
317 2.2358 2.5806 0.8087 361 2.2883 2.9292 0.9009 
318 2.2394 2.6081 0.8179 362 2.2651 2.7888 0.8588 
319 2.2419 2.6258 0.8222 363 2.251 2.7058 0.8356 
320 2.2407 2.6295 0.8234 364 2.2517 2.7064 0.8325 
321 2.2431 2.6392 0.8246 365 2.2523 2.7149 0.8362 
322 2.2376 2.6099 0.8155 366 2.251 2.7155 0.8356 
323 2.2309 2.5703 0.8057 367 2.2498 2.7076 0.8338 
324 2.2364 2.602 0.8148 368 2.2474 2.6948 0.8301 
325 2.2346 2.5941 0.8112 369 2.2413 2.6545 0.8179 
326 2.2376 2.6032 0.8148 370 2.2333 2.6075 0.8045 
327 2.2327 2.5904 0.81 371 2.2279 2.58 0.7959 
328 2.2266 2.555 0.7996 372 2.2266 2.5544 0.7892 
329 2.2346 2.5983 0.8112 373 2.2309 2.5849 0.7971 
330 2.2388 2.6222 0.8185 374 2.2266 2.5416 0.7837 
331 2.2431 2.6435 0.8252 375 2.2285 2.5373 0.7819 
332 2.2443 . 2.6624 0.8307 376 2.2285 2.5367 0.7813 
-333 2.2462 2.6679 0.8325 377 2.2327 2.5697 0.791 
334 2.2645 2.7638 0.8588 378 2.234 2.5886 0.7959 
-335 2.2681 2.7918 0.8686 379 2.2388 2.6228 0.8069 
336 2.2736 2.8278 0.8771 380 2.234 2.599 0.8008 
337 2.2761 2.8425 0.8838 
338 2.2816 2.8694 0.893 
339 2.3078 3.0323 0.9387 
r--340 2.3176 3.083 0.9516 
341 2.3157 3.0738 0.9503 
342 2.3151 3.0757 0.9497 
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iii. Day 3 (first 80 data) 
time(s) TGS ALCOHOL MQ6 343 2.3499 3.3003 1.1762 
300 2.3621 3.3894 1.2854 344 2.3487 3.3375 1.2012 
-
301 2.3603 3.3845 1.2806 345 2.3499 3.3558 1.214 
302 2.3579 3.3845 1.2769 346 2.3359 3.3491 1.203 
303 2.353 3.3863 1.2775 347 2.3249 3.3576 1.2104 
304 2.3542 3.3638 1.2549 348 2.331 3.3772 1.2189 
305 2.353 3.3595 1.2531 349 2.3145 3.379 1.2226 
306 2.3579 3.3668 1.2549 350 2.3035 3.3644 1.2104 
307 2.3432 3.3369 1.2354 351 2.3054 3.3668 1.2116 
308 2.3267 3.3259 1.2268 352 2.3096 3.3845 1.2244 
309 2.331 3.3216 1.2232 353 2.3096 3.3784 1.2195 
310 2.3267 . 3.3155 1.2214 354 2.3005 3.3735 1.2177 
311 2.3164 3.329 1.2311 355 2.2767 3.3699 1.2134 
312 2.2962 3.3546 12513 356 2.2791 3.3699 1.211 
313 2.2791 3.3406 1.2378 357 2.2962 3.3351 1.178 
314 2.2907 3.3442 1.2366 358 2.2999 3.3497 1.189 
315 2.2858 3.357 1.2421 359 2.2956 3.3332 1.1731 
316 2.2803 3.3229 1.2128 360 2.2828 3.3088 1.1536 
317 2.2748 3.3125 1.2055 361 2.2633 3.3015 1.1487 
318 2.2669 3.3027 12 362 2.2651 3.2917 1.142 
- 319 2.2578 3.2972 1.1933 363 2.2639 3.2881 1.1371 
320 2.2681 3.2844 1.1823 364 2.2486 3.2923 1.139 
321 2.2712 3.2167 1.1335 365 2.2449 3.307 1.1426 
322 2.2718 3.2209 1.1341 366 2.2468 3.3131 1.1457 
323 2.2694 3.2319 1.142 367 2.2419 3.3161 1.1463 
324 2.2645 3.1867 1.109 ' 368 2.2443 3.3149 1.1438 
325 2.2834 3.1898 1.1097 369 2.2364 3.3082 1.139 
326 2.2724 3.1611 1.0871 370 2.2364 3.2997 1.1328 
327 2.2803 3.1648 1.0907 371 2.2376 3.2887 1.1249 
328 2.2938 3.1648 1.0883 372 2.2327 3.2386 1.0877 
329 2.295 3.152 1.0791 373 2.248 3.1825 1.0523 
330 2.2944 3.1642 1.0828 374 2.248 3.2362 1.084 
331 2.3133 3.1642 1.0822 375 2.2394 3.2124 1.0657 
332 2.3243 3.1703 1.0858 376 2.2565 3.1812 1.0425 
-· 333 2.3133 3.2026 1.106 377 2.2559 3.1849 1.0443 
334 2.3176 3.1886 1.0981 378 2.2547 3.1678 1.0303 
335 2.3328 3.2105 1.1121 --379 2.2523 3.144 1.0077 
336 2.3341 3.2319 1.1261 380 2.2529 3.1629 1.0224 
337 2.3426 3.2374 1.1298 
338 2.3481 3.2441 1.1371 
339 2.3493 3.2514 1.1396 
340 2.3341 3.2661 1.1475 
341 2.342 3.3406 1.203 
342 2.3481 3.321 1.1908 
-
66 
tv. Day 4 (first 80 data) 
time(s) TGS ALCOHOL MQ6 343 2.461 3.4822 1.2598 
300 2.5056 3.5078 1.3007 344 2.4403 3.448 12653 
JO! 2.5043 3.5096 1.2915 345 2.4305 3.4303 1.2769 
302 2.4946 3.4913 1286 346 2.4421 3.451 1.2806 
303 2.5092 3.517 1.2787 347 2.4219 3.4156 1.2696 
304 2.5166 3.5304 1.2519 348 2.4219 3.4187 1.2769 
305 2.5105 3.52 12152 349 2.4024 3.3845 1.2775 
306 2.4958 3.4962 12299 350 2.4116 3.4022 1.2702 
307 2.508 3.5188 12317 351 2.4085 3.3992 1.2683 
-
J08 2.4812 3.4712 1.2104 352 2.4006 3.3869 1.2653 
J09 2.4903 3.4883 1.1982 353 2.4061 3.3973 1.2476 
310 2.5062 3.5182 1.1872 354 2.4049 3.3973 1.25 
3ll 2.508 3.5255 1.1768 355 2.4079 3.4016 1.2305 
3ll 2.4995 3.5072 1.1762 356 2.414 3.4187 1.2183 
313 2.4909 3.4938 1.1744 357 2.4152 3.4193 1.2116 
314 2.4982 3.5066 1.1676 358 24262 3.4413 1.2055 
315 2.5086 3.5304 1.1725 359 2.4287 3.4462 1.1969 
316 2.5056 3.5261 1.1744 360 2.4299 3.4504 1.175 
317 2.5141 3.5395 1.1756 361 2.4335 3.4571 1.1383 
318 2.5233 3.5572 1.1902 362 2.4311 3.4535 1.1371 
319 2.5153 3.5475 1.1829 363 2.4244 3.4486 1.153 
320 2.5105 3.542 12012 364 2.4195 3.4388 1.153 
321 2.5196 3.5603 1.2116 365 2.4183 3.4376 1.1402 
321 2.5141 3.5487 1.2104 366 2.4158 3.4376 1.1274 
323 2.5135 3.5487 12104 367 2.4171 3.4394 1.1145 
324 2.5141 3.5499 12091 368 2.4201 3.4449 1.1121 
325 2.5062 3.5377 1.211 369 2.4219 3.4504 1.1121 
326 2.5043 3.5365 1.2104 370 2.4262 3.4571 1.1078 
327 2.4873 3.5102 1.2073 371 2.4409 3.4822 1.1035 
328 2.483 3.5035 12146 372 2.4561 3.5163 1.0938 
329 2.4793 3.4986 1.2226 373 2.4427 3.4895 1.084 
330 2.4769 3.4944 12519 374 2.4616 3.5243 1.0773 
331 2.472 3.4864 1.261 375 2.4561 3.5182 1.0767 
332 2.4641 3.4742 1.2183 376 2.4732 3.5475 1.0858 
333 2.4409 3.4339 1.1988 377 2.4677 3.5389 1.0981 
-- 334 2.4354 3.423 1.1872 378 2.4757 3.5536 1.1182 
335 2.436 3.4248 1.1817 379 2.4683 3.5444 1.1261 
336 2.4433 3.4388 1.1823 380 2.4665 3.5444 1.1182 
337 2.4702 3.4901 1.1884 
338 2.4726 3.4962 1.1957 
339 2.4769 3.5029 1.2146 
340 2.4744 3.4999 1.2574 
341 2.4708 3.4968 1.2311 
-·· -342 2.4683 3.4907 1.2372 
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v. Day 8 (first 80 data) 
time(s) TGS ALCOHOL MQ(i- 343 2.4323 3.7599 1.3837 
300 2.4494 3.7825 1.4801 344 2.4281 3.7513 1.3721 
301 2.461 3.7989 1.4942 345 2.4262 3.7501 1.3684 
301 2.4549 3.7904 1.4832 346 2.4122 3.7281 1.3459 
303 2.4555 3.7892 1.4838 347 2.411 3.73 1.3453 
304 2.4659 3.8075 1.4997 348 2.4097 3.7312 1.3428 
305 2.4696 3.8154 1.5009 349 2.4091 3.7294 1.3379 
306 2.472 3.8173 1.5021 350 2.4055 3.722 1.3294 
307 2.4732 3.8203 1.504 351 2.4067 3.7294 1.3337 
308 2.4738 3.8227 1.5033 352 2.4061 3.7318 1.3312 
309 2.4775 3.8258 1.5052 353 2.4049 3.7288 1.3263 
310 2.4805 3.8319 1.5101 354 2.4036 3.7312 1.3276 
311 2.5001 3.8618 1.5387 355 2.4158 3.7519 1.3453 
311 2.5lll 3.8826 1.5528 356 2.4079 3.7416 1.333 
313 2.4964 3.8581 1.5259 357 2.4146 3.7519 1.3398 
314 2.494 3.8575 1.5241 358 2.4256 3.7721 1.3569 
315 2.5086 3.8789 1.543 359 2.4274 3.7776 1.3587 
316 2.5123 3.8868 1.5479 360 2.4299 3.7825 1.3617 
317 2.5111 3.8862 1.5461 361 2.4329 3.7904 1.366 
318 2.5239 3.907 1.5644 362 2.4482 3.8166 1.3898 
319 2.5202 3.9051 1.5571 363 2.4659 3.8478 1.4173 
3l0 2.519 3.9015 1.5528 364 2.4525 3.8252 1.3935 
321 2.5202 3.9033 1.5516 365 2.4537 3.8295 1.3953 
322 2.5239 3.9094 1.5558 366 2.4628 3.8441 1.4075 
323 2.5184 3.9009 1.5467 367 2.4665 3.8508 1.4136 
3:!4 2.5166 3.8972 1.5442 368 2.4647 3.8502 1.4106 
325 2.519 3.9003 1.5436 369 2.4751 3.8685 1.4258 
326 2.5135 3.8942 1.5345 370 2.4787 3.8722 1.4277 
327 2.5013 3.8734 1.5137 371 2.4763 3.871 1.4246 
328 2.5068 3.8838 1.5204 372 2.4708 3.8649 1.4173 
329 2.5141 3.8954 1.5302 373 2.4726 3.8685 1.4203 
330 2.5129 3.8923 1.5271 374 2.4708 3.8697 1.4216 
331 2.51 II 3.8942 1.5253 375 2.4604 3.8563 1.4112 
332 2.5092 3.8905 1.5223 376 2.4506 3.8502 1.4039 
333 2.5105 3.8929 1.5204 377 2.4531 3.8551 1.4051 
334 2.4976 3.8722 1.4997 378 2.4549 3.8606 1.4081 
335 2.4964 3.8704 1.4948 379 2.4519 3.8539 1.3996 
336 2.4818 3.8472 1.4716 380 2.4506 3.8539 1.3971 
337 2.4781 3.8404 1.4606 
338 2.4757 3.835 1.4557 
339 2.4677 3.8221 1.4429 
340 2.4384 3.769 13929 
341 2.4458 3.7825 1.4069 
342 2.4439 3.7788 1.4008 
--~--
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v1. Day 9 (first 80 data) 
time(s) TGS ALCOHOL MQfi 343 2.1906 3.8533 1.543 
300 22224 3.802 1.5821 344 22327 3.8533 1.5418 
301 2.2211 3.7928 1.5711 345 2.2767 3.8508 1.54 
302 22279 3.7855 1.5796 346 2.2163 3.84% 1.5387 
303 2.2156 3.7709 1.57% 347 2.2816 3.8478 1.5363 
304 2.1937 3.7678 1.5906 348 2.2639 3.8484 1.5278 
305 2.201 3.7727 1.6059 349 2.3041 3.8301 1.507 
306 2.1809 3.7684 1.5851 350 2.306 3.8319 1.5088 
307 2.1729 3.76% 1.5992 
308 2.1668 3.7721 1.6138 
351 22956 3.8325 1.5137 1-· 352 2.2773 3.8093 1.4863 
-309 2.1613 3.7703 1.6199 353 1259 3.8063 1.4673 
310 2.1534 3.78 1.6218 354 22993 3.79% 1.5601 
311 2.1241 3.7861 1.6193 355 2.3011 3.7977 1.551 
312 2.1149 3.78 1.6242 356 22919 3.7892 1.5619 
313 2.1192 3.7941 1.6248 357 2.2919 3.7574 1.5717 
314 2.1192 3.8014 1.6535 -- 358 2.2944 3.7428 1.5723 
315 2.1192 3.8032 1.6742 359 2.306 3.7623 1.5992 
316 2.1107 3.8057 1.6529 
-'· 
360 2.2736 3.7465 1.5943 
317 2.1082 3.816 1.6401 361 2.3133 3.7336 1.6132 
318 2.0978 3.849 1.648 
-,-
362 2.2993 3.7226 1.5967 
319 2.0765 3.8362 1.6474 363 2.3017 3.7184 1.5998 
320 2.0954 3.838 1.6486 364 2.3048 3.7135 1.6095 
321 2.0997 3.8466 1.6358 365 2.2938 3.7153 1.5174 
322 2.0746 3.8514 1.6327 366 22968 3.7129 1.5046 
323 2.0521 3.8594 1.6303 367 2.2639 3.7141 1.4771 
324 22004 3.8649 1.6309 368 2.2547 3.7111 1.5497 
325 2.2211 3.8661 1.6541 369 2.2645 3.7208 1.5326 
326 22394 3.8624 1.6572 370 2.2504 3.7269 1.5345 
327 22565 3.8588 1.6614 371 2.2571 3.7233 1.5345 
328 22578 3.8594 1.6712 372 2.295 3.7434 1.5357 
-329 2.2864 3.86 1.6559 373 2.2407 3.7519 1.5589 
330 2.2864 3.8612 1.6626 374 2.2156 3.7526 1.5998 
331 2.3005 3.8594 1.662 375 2.1931 3.7568 1.6327 
332 2.2614 3.8563 1.6626 376 2.1241 3.758 1.5778 
333 2.2492 3.8545 1.6565 377 2.0673 3.7745 1.6346 
334 2.2694 . 3.8563 1.6254 . 378 2.1107 3.8087 1.6224 
. 
335 2.1125 3.8533 1.6395 379 1.98 3.8002 1.6523 
336 2.0771 3.8368 1.6126 L..C 380 1.9184 3.7941 1.6608 
·-337 2.0228 3.8362 1.6053 
338 2.1375 3.8398 1.5973 
339 2.1278 3.8404 1.5925 
340 2.1375 3.8343 1.5827 
... 
341 2.1418 3.8496 1.5418 
342 2.1485 3.8502 1.5357 
. 
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vn. Day 1 O(frrst 80 data) 
time(s) TGS ALCOHOL ! MQ6 343 2.2974 3.6067 1.8451 
344 2.2968 3.6091 1.8433 
300 2.2321 3.755 1.8671 
301 2.2236 3.7355 1.8561 
345 2.298 3.6116 1.8384 
f-·346 2.2944 3.6378 1.8348 
302 2.2181 3.7446 1.8451 347 2.2956 3.6433 1.8299 
303 2.2108 3.7538 1.8287 348 2.2944 3.6488 1.8281 
304 2.2065 3.7544 1.8262 349 2.2797 3.6512 1.8104 
305 2.212 3.755 1.8274 350 2.2834 3.6549 1.8097 
306 2.2095 3.7526 1.822 351 2.2834 3.6622 1.8079 
307 2.2108 3.7623 1.8213 352 2.2663 3.6702 1.7829 
308 2.215 3.7593 1.8232 1353 2.2633 3.7172 1.778 
309 2.2126 3.7898 1.8159 354 2.259 3.7416 1.7695 
310 22217 3.7928 1.825 355 2.2578 3.7111 1.7658 
311 2.2266 3.791 1.8293 356 2.2523 3.7074 1.7548 
312 2.2242 3.7812 1.8232 357 2.2279 3.7031 1.7212 
313 2.237 3.7587 1.8354 358 2.215 3.708 1.7042 
314 2.2462 3.7684 1.8433 359 2.2297 3.7294 1.7225 
315 2.2468 3.7507 1.8445 360 2.2199 3.7312 1.7054 
316 2.2498 3.7361 1.8464 361 2.2095 3.719 1.6907 
317 2.2614 3.7306 1.8543 362 2.2004 3.6995 1.6785 
318 2.2889 . 3.7257 1.8873 363 2.1973 3.708 1.6718 
319 2.2791 3.7208 1.8738 364 2.1961 3.7379 1.6669 
320 2.2791 3.7172 1.8738 365 2.1943 3.7452 1.662 
321 2.2889 3.7111 1.8812 366 2.1931 3.7519 1.6572 
322 2.2926 3.6872 1.8854 367 2.1931 3.7642 1.6602 
-323 2.2999 3.6341 1.8915 368 2.1943 3.7648 1.6559 
·- 324 23017 . 3.6457 1.8946 369 2.201 3.7495 1.6626 
325 2.3054 3.6671 1.8934 370 2.2065 3.7709 1.6675 
326 2.3011 3.6512 1.8879 371 2.204 3.7629 1.6645 
327 2.2987 3.6537 1.883 
-· 
-~":;'" 372 2.221! 3.7562 1.681 
328 2.2968 3.6622 1.8824 373 2.2266 3.7489 1.6852 
329 2.3011 3.6586 1.8799 374 2.2303 3.7208 1.6846 
-- -
' 330 2.3005 3.6531 1.8799 375 2.2346 3.7257 1.6865 
331 2.2987 3.661 1.8769 
332 2.2956 3.6494- "T.i7ii8 
t-· - 1.8677 333 2.2938 3.6171 
-
376 2.2358 3.6958 1.6858 
377 2.2498 3.6866 1.6999 
378 2.2761 3.6805 1.7328 
334 2.2956 3.6097 1.8659 379 2.2742 3.6756 1.7237 
335 2.2944 3.6042 1.861 
336 2.281 3.5853 1.8409 L. 380 2.2675 3.6726 1.7145 
337 2.281 3.5957 1.8397 
338 2.2846 3.5994 ''IT4i5 
339 2.2858 3.5804 1.8409 
340 2.2816 ' 3.5817 1.8311 
341 2.2932 3.589 1.8451 
342 2.2944 3.5841 1.8439 
·----
70 
vm. Day ll(first 80 data) 
time(s) TGS ALCOHOL MQ6 351 2.4085 3.3992 1.2683 
300 2.5056 3.5078 1.3007 352 2.4006 3.3869 12653 
301 2.5043 3.5096 1.2915 353 2.4061 3.3973 1.2476 
302 2.4946 3.4913 1.286 354 2.4049 3.3973 1.25 
303 2.5092 3.517 1.2787 355 2.4079 3.4016 1.2305 
-· 304 2.5166 3.5304 1.2519 356 2.414 3.4187 1.2183 
305 2.5105 3.52 12152 357 2.4152 3.4193 1.2116 
306 2.4958 3.4%2 12299 358 2.4262 3.4413 1.2055 
307 2.508 3.5188 12317 359 2.4287 3.4462 1.1969 
308 2.4812 3.4712 1.2104 360 2.4299 3.4504 1.175 
309 2.4903 3.4883 1.1982 361 2.4335 3.4571 1.1383 
310 2.5062 3.5182 1.1872 362 2.4311 3.4535 1.1371 
311 2.508 3.5255 1.1768 363 2.4244 3.4486 1.153 
312 2.4995 3.5072 l.l762 
313 2.4909 3.4938 l.l744 
364 2.4195 3.4388 1.153 ~- 365 2.4183 3.4376 1.1402 
314 2.4982 3.5066 1.1676 366 2.4158 3.4376 1.1274 
315 2.5086 3.5304 1.1725 367 2.4171 3.4394 1.1145 
316 2.5056 3.5261 1.1744 368 2.4201 3.4449 1.1121 
317 2.5141 3.5395 1.1756 369 2.4219 3.4504 1.1121 
318 2.5233 3.5572 1.1902 370 2.4262 3.4571 1.1078 
319 2.5153 3.5475 1.1829 371 2.4409 3.4822 1.1035 
320 2.5105 3.542 1.2012 372 2.4561 3.5163 1.0938 
321 2.5196 3.5603 1.2116 373 2.4427 3.4895 1.084 
322 2.5141 3.5487 1.2104 374 2.4616 3.5243 1.0773 
323 2.5135 3.5487 1.2104 375 2.4561 3.5182 1.0767 
324 2.5141 3.5499 1.2091 376 2.4732 3.5475 1.0858 
325 2.5062 3.5377 1.211 377 2.4677 3.5389 1.0981 
. 326 2.5043 3.5365 12104 378 2.4757 3.5536 1.1182 
327 2.4873 3.5102 1.2073 379 2.4683 3.5444 1.1261 
328 2.483 3.5035 12146 
'----380 2.4665 3.5444 1.1182 
329 2.4793 3.4986 1.2226 
330 2.4769 3.4944 12519 
331 2.472 3.4864 1.261 
332 2.4641 3.4742 1.2183 
333 2.4409 3.4339 1.1988 
. 334 2.4354 3.423 1.1872 
335 2.436 3.4248 1.1817 
336 2.4433 3.4388 1.1823 
337 2.4702 3.4901 1.1884 
338 2.4726 ' . 3.4%2 1.1957 
339 2.4769 3.5029 1.2J46 
-340 2.4744 3.4999 12574 
341 2.4708 3.4968 1.2311 
342 2.4683 3.4907 1.2372 
343 2.461 3.4822 1.2598 
344 2.4403 3.448 12653 
r-- 345 2.4305 3.4303 1.2769 
346 2.4421 3.451 1.2806 
347 2.4219 3.4156 12696 
348 2.4219 . 3.4187 1.2769 
349 2.4024 3.3845 1.2775 
350 2.4116 3.4022 1.2702 
-----· 
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